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ATTENTION

LTI
ShibJhlg

1. on 23 Jume luus, NPIC entered into the subjoct comtract with[ ]
[ Jto design and fabricate a prototype Inproved Anamorphic Viewing Systes.
Tae contract incorporates the Leneral Provisions, Section A and the Cost Re-
. ipbursement dessarch and vevelopment Provisions, Section L.

2, APIC has Loen informed uy the Uontractinp COfficer that the General
brovisions dated January 1905 were tie provisions in force at the time of
the contract and are those that are included in tie Contract. Article 18,
subscetion (1) states, ‘the fovermment may duplicate and disclose reports
and disclosures of subject Inventions required to e furnished oy the Con-
tractor or a subcontractor pursuant to this Patent Rights clause. Article
17 requires the Contractor to obtain written approval prior to filing a pat-
oot apolication; therefore, the disclosure nust bhe furnished to the Loatract-
ing Officer.

e J&as #iled the attached matent application. [ecause
of thy riphts pranted under the above sentioned Artieles, XPIC is in the pro-
cees of making the attached application availalble to anotuer Contractor. who
is rTequired to incorporate 5 similar anasorphic system into an instrument
that i5 being develoned for PIC. This procedure of furnishing the iufomma-
tion derived under tie subject contract, rTuvents the costly process af in-
venting tihe same anamorphiec system tuice.

4. ‘The attacied drawing was furnished in the fift, montildy report--ao
Jeliverable item- therefore, under Article 20 swbsection (a) thds drawing is
also ceins fumiished to the Contractor.

3. Tais memorandum is for information purpeses . Logever, if there is
Jdisacreement velative to the outlined interpretation of the Government's
vights in this matter, it is requested that ~PIC Ge so informed.

acting Assistant for Tecunical veyeloment,
WPIC
Distribution:
Orig § 1 - Addressee
2 - TSSG/AC

V2 - TSSG/ESB ERT

Excluded fram autometic
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INTRODUCT ION

The design study portion of the program for Study, Design
and Manufacture of a Variable Anamorphic;Viewing System -
has been carried far enough to clearly indicate the best
solution for this problem. This design analysis report
reviews the various possibilities that were evaluated. The
reasons for rejection of systems considered unacceptable
are reported, and the reasons for selection of the accepted

system are given,

The study effort necessary to reach this point has involved
much less mechanical layout and preliminary design work
than originally estimated. Thus a portion of the funds
originally allocated to the study phase remain unspent.
This is mentioned only to avoid possible interpretation of
this under-expenditure as failure to achieve all the objec-

tives of the proposed study effort. It is our feeling that

all worthwhile techniques of achieving variable anamorphism

have been evaluatggg and thus the study objective has been

"met. Since funds are available the study is continuing

during evaluation of the design analysis. This continued
effort is for the purpose of evaluating some of the minor
problems in the selected technique,
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VARIABLE ANAMORPHIC SYSTEMS

Before discussing the various systems studied, it may be
well to briefly review the design goals of the viewing
system. It is to have an anamorphic magnification adjust-
able from 1 to 2.2X with a basic (at the 1X position) 10X
spherical power. Anamorphic direction is to be adjustable
through 3600, and the eyepoint is to be elevated no more
than four inches above that of the normal Zoom 70. While
not part of the specificatioh, a consideration has been

to minimize longitudinal separation of the exit pupils

(one in the anamorphic direction and one perpendicular to

it) and as a design goal a maximum value of 4 mm has been

o

adopted. Loss of field is to be 15% maximum and loss of

resolution on axis shall be no more than 20%.

Major Modification of Zoom 70

In Section 2.3 of the Interim Progress Report several
possible modifications of the Zoom 70 mirror cluster
arrangement were discussed. These were centered on the
possibility of using a negativé collimating lens, and
constructing an anamorphic viewing system working in col-
limated light. This would be similar to the unit pre-
viously built but the negative collimating lens would
result in a final erect image., Study showed that with the
mirror cluster in place there was no position of the col-
limating lens that did not lead to excessive loss of field.
Removal of the mirror clﬁster yielded an inverted image from
the microscope and eliminated the need for a negative col-
limating lens,.

With the mirror cluster removed, a viewing system invert-
ing the image is required. Thus the principles of the
previous unit were applicable. A system based on this con-
cept was laid out first order wise. To reduce.the eyepoint

2-1
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extension a short focal length positive objective lens

was placed behind the zdom portion of the Zoom 70 system.
This formed a nearby, reduced image of the object. This
image was then collimated by a short focal length collima-
tor and a following de-collimator lens formed a real image
for viewing with a conventional. eyepiece. The general
arrangement is shown in figure 1. The zoom system (not
shown) fits between the collimator and de-collimator. A

two mirror'rhomb arrangement provides the same viewing angle
as the conventional instrument, and at the same time pro-

vides interpupillary adjustment.

A first order optical design was obtained. It was difficult
to find a zoom system that would fit in the available space.
One was found, but there was some question whether the full
zoom range would be obtainable when thicknesses appropriate

to the final design were inserted.

Also this represented a major modification of the Zoom 70
that could be accomplished only at the factory. A system
requiring less drastic or no modification is desirable.
This coupled with the question of whether the full zoom
range could be achieved was cause for rejection of this
approach. Of the various techniques involving major mod-
(ification, this was the most favorable. Since it was con-
zsidered unsatisfactory, it was concluded that major mod-
Liffcation would not yield a satisfactory solution.

Simple AnamorphicIZoom

This system consists of a simple cylindrical zoom operét—
ing in the'convergent beam leaving the mirror cluster.
Ideally this type of system forms a variable image in the
same plane as the objective image plane. This image is
then viewed with a conventional eyepiece.

2-2
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A question arises as to whether the cylinder system can be
corrected when used in convergent light. At the time the
Interim Progress Report was written there were indications
such correction could be achieved. Since then accurate

ray trace analysis has shown that the convergence of the
beam reaching the Zoom 70 eyepiece focal plane is soO small
that those aberrations unique to a cylinder system in con-
vergent light do not appear. Thus aberration correction is
possible.

No zoom system could be found that positioned its image at
the same plane as the object. Thus cylinders crossed with
the zoom system were necessary to obtain images from the
power and no power plane of the zoom system at a common point,
All the systéms of this type suffered from longitudinal pupil
displacement.

In addition, to retain an erect image it was necessary that
these systems form a virtual image that lay within the lens
system. In none of the systems was it possible to get this
image within an inch of the last lens so it could be viewed
with a conventional 10X eyepiece. Thus it would have been
necessary to use a lower power eyepiece and obtain the
required 10X power by having the minimum power of the
cylinder system greater than unity. The increased magnifi-
cation of the zoom system caused an unsatisfactory reduction.
in field coverage. This coupled with the pupil problem was

cause for rejection of this approach.

2.3 Rotating Cylinders

It is a well known principle of optics that the refraction

by two cylinder lens with power planes at an arbitrary angle

to each other is equivalent tQ refraction by a spherical
lens plus a cylinder lens. Further, the distribution of power
between the spherical. and cylinder component is a function

- 2-3
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of the angle between the axes., This is easily seen in the

limiting cases of parallel and perpendicular power planes.

In the former case the refraction is purely cylindrical while

in the latter case the refraction is equivalent to that of a
sphere of power ZFa, plus a cylinder power of Fbm Fa where

a is the smaller of the two cylinder powers Fa and Fb‘ In
theory then it appeared possible that two sets of counter-
rotating cylinders separated by some distance could be made
to operate as a variable power cylinder system while at the

same time acting as a fixed power spherical system.

Investigation of this type of system showed that two sets
'of counter-rotating cylinders was inadequate, and that

three were required. Unfortunately it turned out that in
addition to counter-rotation, longitudinal motion of the
lens assemblies ‘'was also required., Figure 2 shows the rela-
tive position of object; image and three counter~-rotating
cylinder lens subassemblies for a zoom range of 2.2 to 1.

It is seen that this solﬁtion'requires the eyepiece to be

at least 55 mm from the image. Thus at best a 5X eyepiece
could be used, and to obtain the required 10X power would

have involved developing a system having a basic magnifi-
cation of 2X with the attendant field problems.

Figure 3 shows the necessary power in two perpendicular
planes for the second lens assembly. The point of interest,
which is typical of all three lens assemblies, is that these
powers start changing in one direction,reverse and then move
in the opposite direction. This means that to achiéve the
desired zoom, the lenses must rotate in one direction, stop,
and reverse their direction of rotation. Duriﬁg this rota-
tion, they must also move longitudinally. The mechanics

to achieve this motion become quite complex.

There was also a serious problem with shift of the exit
pupil in one plane while the exit pupil of the other plane

remained relatively stationary.

2~4 ‘
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It must be admitted that this was only one solution of

this type, and other solutions might have alleviated some
of these problems. It seemed doubtful, however, that all
of the undersirable charactefistics would be eliminated.

An exhaustive evaluation of what could be accomplished with
this system would require more time than the schedule per-

mitted. In addition, the final désign to correct abberra-

tions would necessitate development of new procedures.
. This also would seriously delay the schedule.

As a consequence, while it was felt that this technique
might ultimately lead to a useful system, it was decided
that the potential delay of the schedule did not justify
the possible advantages of the system. The investigation
was therefore stopped. It may be desiréble, inasmuch as
Phase I study funds are available, to continue the inves-
tigation of this type of system during the Phase II design

effort. This study would have value only for future pro-

grams, since results would be obtained too late for the
present effort. The system does show enough promise that
it should be more fully investigated.

Modification of Previous System.

As the.study progressed it became increasingly clear that
the original concept of a collimating lens, an afocal

zoom system, and a de-co0llimating-lens offered many advan-

tages. An effort was made to evolve a similar'system which =

corrected the previous disadvantages of an inverted image

and excessive length.

Much of the length of the previous system resulted from the
long focal length of the collimator and de-coliimator‘lenses.
This focal length was determined by the desire to keep the
field angle of the collimated bundle small in order to main-
tain field coverage. One way to reduce this length would

2-5
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’

be to introduce a device having a long optical length and
a short physical length. A Pechan prism is such a device.
Further, such a prism reverts the image, and thus two of

them at right angles would invert the image.

The logical conclusion of this type of reasoning is a system
consisting of a field lens, a Pechan prism, a collimator,
zoom system, de-collimator (or objective) lens, a second
Pechan prism at ninety degrees to the first one, and perhaps
a second field lens. The fihal'image to be viewed by a
conventional eyepiece. The general arrangement is shown in
figure 4.

Preliminary layout has shown that the system easily fits
within the desired four inches} Final overall length can

be determined only after the particular zoom syStem to be‘
used has been selected. 'Usihg the four inch maximum length
and the necessary Pechan prism and'pollimator lens thicknesses

there is some 40 mm available for the zoom system.

If desired, it will be feasible to make the upper Pechan @@@@
rotatable so that the unit will add the versatility of
image rotation to the Zoom 70.

It does not appear at present that the unit will be directly
interchangeable with a conventional eyepiece. The modifica-

tion will, however, be the relatively simple task of un-

screwing the eyepiece focus sleeve adapter, and replacing it

with a sleeve to be furnished with the unit. This can be

done in the field without difficulty by relatively unskilled
operators.

This system is superior in every way to all the other alter-

natives studied. This is the one that is selected for
Phase II design and manufacture. '

2-6
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FUTURE PLANS

Technically, a suitabie system having been selected for
final design, the study phase of the program is finished.
Alternatively only a general cohfiguration has been selected.
Inasmuch as funds are available, the study is continuing to
select the most suitable afocal zoom system for use in this
arrangement. ‘Selection will be based on minimizing overall
length, and on simplifying the mechanical arrangement to
achieve zoom and anamorphic.rotation. This effort will be
kept at a relatively low level until design plan approval

is obtained. |

3~1
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Recommended Contract Performance Specifications
Variable Anamorphic Eyepieces

Anamorphic ratio:

a. Scale accuracy: . The measured anamorphic ratios shall be within
F.03 of the scale value for all midscale values. When the
measured anamorphic ratio is 1 to 1, the scale value shall be
1 within ¥,5mm. When the scale is set at 2.2 the measured
anamorphic ratio shall be at least 2.15 to 1.

b. Range: The ratio of the maximum obtainable anamorphic ratio to
the minimum obtainable anamorphic ratio shall be at least 2.19.

Resolution:
When the eyepiece is tested in combination with any Zoom 70, the

resolution reading at 1l:1 anamorphic setting shall not be less than
90% of that Zoom 70's reading with the 10X widefield eyepiece with

" white light using a high contrast target (Black lines on a clear

background) and tested as follows:

..ff Set the pod magn1ficat10n at 0.7 and focus on the target using a 5X
- auxillary telescope to magnify the image. Viewing the resolution

. block just above the highest block visible, gradually increase the pod
" magnification (and refocusing as necessary) until that block is just
;. -visible. Record the resolution reading as the quotient of the block

- lines per millimeter over the pod magnification at which the block in

question just becomes visible.
Transmission:

When the eyepiece is tested in combination with any Zoom 70, the
transmission reading at 1l:1 anamorphic setting shall not be less than
1/4 of that Zoom 70's reading with the 10X widefield eyepiece with
white light and tested as follows:

A circular beam of collimated white light equal in diameter (1.9mm)
is directed into the instrument at the nominal exit pupil and the
transmission is measured as the ratio of the amount of light energy
emerging from the object end over the entering amount at that point
where the bundle of light emerging from the object end is 1.%mm in
diameter.

Magnification:

The magnification of the eyepiece shall be 10X ¥5% when measured per-
pendicular to the stretch axis at any setting of the anamorphic controls.
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© 5. Image Runout :

The image of a point at the center of the eyepiece object plane shall not
run out more than lmm TIR in the eyepiece image plane when the anamorphic
axis orientation is rotated 360° at 1:1 anamorphic ratio.

6. Image Vignetting:

There shall be no noticeable vignetting at any position or value of the
anamorphic controls.

7. Field Cut-In:

The amount of field cut-in observable when rotating the anamorphic axis
orientetion must: not exceed +2mm in the eyepiece focal plane.

i.
o
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